and grazing by cattle and horses on P. australis vegetation in shallow ditches. Our aim was to derive practical management guidelines that could later be used in the nature reserve. The study investigated: (1) the impact of different water table regimes and grazing on the development of P. australis in shallow ditches; (2) the use made by foraging and breeding marsh birds of vegetation types differing in reed cover. The results are discussed in relation to the ecological restoration of habitats for marshland birds.
METHODS

Study area
The Oostvaardersplassen nature reserve (52°26'N, 5°19'E) consists of a 3600 ha P. australis marsh, which developed in the late 1970s and early 1980s in the lowlying parts of Zuidelijk Flevoland, a polder (about 4.5 m below sea level) reclaimed from lake IJsselmeer in 1968. Since that time, a diverse avian wildlife community has spontaneously developed, with large numbers of breeding bird species such as Eurasian Spoonbill Platalea leucorodia, Great Egret Casmerodius alba, Great Bittern Botaurus stellaris and Bearded Reedling Panurus biarmicus. Between 1985 and 1995 23 species (breeding and non-breeding) were regularly found in numbers exceeding 1% of the flyway population (M.R. van Eerden, unpubl. data).
In the early 1980s, a well-drained zone (border zone; 1900 ha) was added to the nature reserve. About 900 ha had already been converted to arable fields. Part of this area was used to carry out the experiment to study the effects of water table and grazing by livestock on the feeding habitats of piscivorous marsh birds such as Eurasian Spoonbill and Great Egret.
The uniformly flat 50-ha study area, which had homogeneous soil characteristics, was divided into three fields of the same shape and area (fields I, II, III; Fig.  1 ). Within each field, five types of ditches and one type of pool were dug in duplicate. The ditches differed in slope, depth and width. The depth of the water in the ditches and the pool ranged from 0 m to 2 m, depending on the water table regime. The pools had slightly sloping sides and were wider than most of the ditches. For a detailed description of the characteristics of the ditches and pools, see Voslamber (1996) . As is general practise in the Netherlands, the hydrology of the area was carefully controlled. Each field had its own water table regime (Fig. 2) . In field I the water 
Development of Phragmites australis
The development of reed cover in the pools and ditches of the three study fields was estimated from aerial photographs taken each summer from 1987 to 1992. The photos were ground truthed by estimating reed cover in quadrats of 2 ×2 m 2 . The figures for reed vegetation cover presented in this paper are expressed as a percentage of the total ditch and pool area (c. 10 ha). In order to study the effects of grazing on vegetation in more detail, exclosures (5 ×30 m 2 ) were built across the ditches, with their long axes perpendicular to the ditches, in spring 1992. They were located in such a way that at the time of construction reed height and reed cover were identical inside and outside the exclosures.
On the basis of another study in the Oostvaardersplassen (Huijser et al. 1996) , which had demonstrated a significant positive relationship between reed cover and reed height, we used reed height as an indicator of reed cover. The reed height was measured inside and outside the exclosures once a year, during autumn. This was done in strips of about 0.5 ×20 m 2 perpendicular to the ditches.
Food supply of piscivorous marsh birds
Fish proved to be the main food source for the birds observed in the study area (Voslamber 1996) . Fish density was determined by sampling with a scrape net at night in the shallower parts of the ditches to get an impression of the relative distribution of fish over the different ditches. The net, which had a mesh gauge of 0.5 cm, was swept through the water with a rapid movement, sampling a surface area of approximately 1 m 2 . Over the years 1987 to 1992, we sampled at least twice each month from April to September. During winter sampling took place at a lower frequency.
Distribution of marsh birds
Between March and September of 1987 to 1992 bird counts were made at least once a week from one of three hides placed strategically on the border of the fields (Fig. 1) . In the months October until February of 1990 to 1992 counting took place at least once a month. As most attention was focused on feeding habitats of Eurasian Spoonbills and Great Egrets, these birds were recorded every minute during an observation day. Other piscivorous birds, such as Grey Heron Ardea cinerea, Great Crested Grebe Podiceps cristatus, Little Grebe Tachybaptus ruficollis and Smew Mergellus albellus, were recorded every quarter of an hour. Bird visits were expressed as bird-hours or bird-days per year. The number of bird-hours or bird-days was calculated for each interval between consecutive counts as the average of these two counts multiplied by the interval length in hours or days. Data of only two winters (1990/91 and 1991/92) were available for Smew. Because of the differences in observation intensity, the visits to the ditches in the three fields are presented in this paper as a percentage of the total observed visits over the two winters. Other birds, such as ducks and passerines, were counted per ditch type per field during each observation day. The numbers of bird-days per year were estimated by interpolation from these counts. The number of breeding pairs of the grebes was determined by means of the SOVON-BMP method (Hustings et al. 1985) . Passerines and breeding birds were counted by observers walking along ditches. The species were grouped: see Appendix 1.
RESULTS
Development of Phragmites australis
The reed cover in the three study fields was almost identical at the start of the experiment (Fig. 3) . During the experiment it increased in field I (raised water table during summer) and II (constant water table yearround). In the field with a more or less 'natural' water level (field III), the reed cover remained low throughout the entire period. Here, P. australis only developed in deeper parts of ditches.
Differences in reed cover between the three fields were mainly the result of variation in grazing pressure caused by the differences in water table regime. In the field with a high water table in summer (field I), the water level was too high for P. australis to be grazed during the growing season. In the field with a constant water table (field II), some of the P. australis vegetation was in water too deep for grazing cattle. Finally, in the field with a low water table during summer (field III), P. australis could be grazed throughout the entire growing season. When the water table in this field rose in autumn, the water reached the stubble of the grazed P. australis, which was subsequently trampled by the cattle, causing P. australis to rot from the inside (van Deursen & Drost 1990 , Duncan 1992 . As a result, the reed cover in this field remained low throughout the study period. In all three fields P. australis did not develop in the deeper parts (deeper than 0.6 m) of the pools and ditches because the water was to deep for reed growth, but all parts with water between 0.3 and 0.5 m deep were completely overgrown with P. australis.
The exclosure experiments showed that, on average, the effects of grazing on P. australis vegetation were the same in all the ditch types studied within one field. Reed height in the fields with constant and high summer water tables (fields I and II) was higher inside the exclosure (ungrazed) than outside (grazed) (Fig. 4A and B). The main effect was visible along the borders (between 1 and 2 m from the centre of the ditch) where reed height in the exclosure could be up to 2 m higher than in the grazed situation. The effect of grazing was most extreme in field III (low summer water table; Fig.  4C ). In the grazed situation, almost all P. australis was grazed. Once the exclosure was put in place and grazing ceased, the P. australis vegetation recovered and after three years was, on average, the same height as in the other fields. The difference in vegetation height between the grazed and the ungrazed areas was over 2 m.
Food supply of piscivorous marsh birds
The main fish species in the study area were Threespined Stickleback Gasterosteus aculeatus and Tenspined Stickle-back Pungitius pungitius. There were no differences in total fish densities between the fields (ANOVA: F = 1.59, P = 0.205), although there were large differences between years. (1987 for Smew 1990 for Smew /91-1991 . n is the number of hours (hour) or observations (obs.) on which the percentages are based.
Given that the food supply did not differ between the different fields, other factors may have mainly affected field selection by piscivorous marsh birds. These factors, such as the accessibility of food and availability of breeding sites, are likely be related to reed cover. Reed cover probably was a major factor in field selection by non-piscivorous marsh birds as well.
Distribution of marsh birds
Foraging piscivorous wading species, such as Eurasian Spoonbill, Great Egret and Grey Heron, were mostly observed in field III (Table 1) , the one with a high water table during winter and a low water table during summer, and consequently a low reed cover. The two other fields were frequented more often by Great Egret than by the two other species.
Breeding pairs of Great Crested Grebe (81% of 21 pairs) and Little Grebe (92% of 27 pairs) were most often found in parts with abundant P. australis vegetation, which occurred in fields with a constant water table (field I) or a high summer water table (field II). Foraging individuals of these species were also mainly found in these two fields, although a great number of Great Crested Grebes also fed in the field with a low water level during summer (field III) (Table 1) . Smew, which were present in the study area during winter, were almost exclusively seen in field III, which had a relatively high water table during that time of the year.
Reed cover proved to be an important factor in habitat selection by marshland birds. Visits of piscivorous wading birds, such as Eurasian Spoonbill, Grey Heron and Great Egret, to a ditch or pool correlated negatively with reed cover (Fig. 5A-B) . The bird-days of rails, waders and dabbling ducks and the percentage of visits of Smew declined in relation to an increase in reed cover (Fig. 5C-E ) in more or less the same way as was found for Eurasian Spoonbill and Grey Heron. Numbers of breeding pairs of grebes reacted positively to an increase in reed cover: Little Grebe, R 2 = 0.67, P < 0.001; Great Crested Grebe, R 2 = 0.52, P < 0.01. Numbers of foraging Little Grebes, which were found most often near the breeding areas, correlated positively with reed cover (Fig. 5F ). The distribution of foraging Great Crested Grebes was not related to reed cover (Fig. 5F ). Bird-days of some passerines (wagtails and finches) declined in relation to reed cover (Fig. 5G) , while bird-days of marshland passerines and Water Pipit Anthus spinoletta increased in relation to an increase in reed cover (Fig. 5H-I ). There seemed to be no relationship between the number of bird-days of Meadow Pipit Anthus pratensis and reed cover (Fig. 5I) .
DISCUSSION
Habitat differentiation
Vertebrate herbivores, such as Muskrat Ondatra zibethicus in North America (van der Valk & Davies 1978) and in Europe (Gryseels 1988 , Barthelmes 1991 , Coypu Myocastor coypus and ducks in Sagittaria marshes in Louisiana (Evers et al. 1998) , moulting Greylag Geese Anser anser (van Eerden et al. 1997 ) and wintering Greylag Geese (Esselink et al. 1997) in The Netherlands, can have great effects on emergent vegetation in marsh ecosystems, resulting in habitat modification. Grazing cattle were also found to have an impact on the shoreline vegetation of small ponds in southern Texas (Whyte & Cain 1981) . In that study, breeding marshland birds and passerines showed a preference for the less intensively grazed ditches, as was also found in riparian vegetation in Oregon (Taylor 1986 ).
In South Dakota, Blue-winged Teal Anas discors bred in largest numbers in areas with a controlled grazing intensity (Kaiser et al. 1979) . Our study shows that grazing by cattle and horses can keep shallow pools and ditches free from P. australis vegetation and thereby have positive effects on feeding sites of e.g. Eurasian Spoonbill, herons and waders. A high water table in summer prevented P. australis from being grazed. As a result the parts of the ditches and pools in which water was between 0.3 and 0.5 m deep became completely overgrown. However, water bodies that were more than approximately 0.6 m deep during the growing season were almost free of P. australis; from this we infer that reed growth was limited by water depth. A low water table in summer allowed cattle and horses to graze all parts of the ditches, resulting in water bodies which were almost free of P. australis vegetation. The study showed that three habitat types developed under the three different water table regimes combined with livestock grazing: deep open water, shallow water without P. australis vegetation and shallow water with P. australis vegetation. The differentiation into the three habitat types, enabled bird species of rather open habitats (Eurasian Spoonbill, herons, waders and ducks) to co-occur with birds preferring dense P. australis stands (breeding grebes, marshland passerines, Water Pipit) in a relatively small area (50 ha) ( Table 2) . For the wading piscivorous Eurasian Spoonbill and herons, the low summer water table and heavily grazed ditch banks made their prey much more accessible than in the other less intensively grazed areas. A reed cover of about 10% seemed to be the upper limit for these species of open habitats. Diving piscivorous birds such as grebes and Smew were mainly found in the parts with deeper, open water. Breeding grebes and marshland passerines, on the other hand, benefited from dense P. australis stands in the shallow water bodies in other parts of the study area.
Implication for conservation management of small wetlands
The Netherlands, the most densely populated country in Europe, has an intensive land-use pattern. This has resulted in relatively small wetlands (van den Tempel & Osieck 1994) , which are characterised by small fluctuations in water level and a high nutrient content (e.g. van der Putten 1997). The stable water table and high nutrient level has led to a decline in P. australis stands, especially inundated P. australis vegetation (Ostendorp 1989 , van der Putten 1997 . The decline of the area of inundated P. australis vegetation has entailed a decline in numbers of marsh birds which are associated with this habitat, as has been shown for Great Bittern and Great Reed Warbler Acrocephalus arundinaceus (Osieck & Hustings 1994 , Graveland 1998 . The most effective measure to restore inundated P. australis vegetation is considered to be to induce fluctuation in water level with relatively high levels during winter and low levels during summer (van der Putten 1997 , Graveland & Coops 1997 , Graveland 1998 . The long-term presence of inundated P. australis vegetation is also affected by succession of the emergent vegetation. Grazing and the periodic drop or rise in water level, characteristic processes for natural wetlands, can slow down or reset the vegetation succession in man-made wetlands (Vulink & van Eerden 1998) . Our study shows that the creation of shallow ditches and integration of water table regimes and grazing by cattle and horses, can be a suitable tool for restoring or improving habitats for marsh birds in small areas, characterised by little variation in micro-topography and water table, as occur in the Netherlands in fields withdrawn from agriculture. An important pre-condition for the success of these restoration measures is location of the improved areas near large wetlands. 
